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Abstract 
Background: Digital infrared thermal imaging is a means of measuring the heat radiated from the skin surface. Our goal was to develop 
and assess the reproducibility of serial infrared measurements of the knee and to assess the association of knee temperature by region of 
interest with radiographic severity of knee Osteoarthritis (rOA). 
Methods: A total of 30 women (15 Cases with symptomatic knee OA and 15 age-matched Controls without knee pain or knee OA) 
participated in this study. Infrared imaging was performed with a Meditherm Med2000™ Pro infrared camera. The reproducibility of 
infrared imaging of the knee was evaluated through determination of intraclass correlation coefficients (ICCs) for temperature measure-
ments from two images performed 6 months apart in Controls whose knee status was not expected to change. The average cutaneous 
temperature for each of five knee regions of interest was extracted using WinTes software. Knee x-rays were scored for severity of rOA 
based on the global Kellgren-Lawrence grading scale. 
Results: The knee infrared thermal imaging procedure used here demonstrated long-term reproducibility with high ICCs (0.50–0.72 
for the various regions of interest) in Controls. Cutaneous temperature of the patella (knee cap) yielded a significant correlation with 
severity of knee rOA (R = 0.594, P = 0.02). 
Conclusion: The skin temperature of the patellar region correlated with x-ray severity of knee OA. This method of infrared knee imag-
ing is reliable and as an objective measure of a sign of inflammation, temperature, indicates an interrelationship of inflammation and 
structural knee rOA damage.
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An expanding array of imaging techniques is providing 
more options for diagnosis and monitoring of muscu-
loskeletal diseases. Some imaging modalities, such as 
radiography, computed tomography, and magnetic res-
onance imaging, provide joint structural information. 
Other imaging modalities, such as bone scintigraphy 
and specialized forms of magnetic resonance imaging 
(delayed Gadolinium Enhanced Magnetic Resonance 
Imaging and sodium imaging or dGEMRIC) provide 
physiological or functional information. Infrared ther-
mal imaging belongs to the functional imaging category; 
it provides a non-invasive and dynamic measure of the 
heat radiated from the superficial dermal microcircula-
tion that resides 1–2 mm below the epidermal surface.1 
Regulation of the microcirculation and thermal radia-
tion in human tissue is influenced by inflammatory, 
metabolic, and toxic factors, and is mediated through 
sympathetic tonus and vasoactive agents.2 Many path-
ological processes in humans manifest themselves as 
local changes in heat production and also as changes in 
blood flow pattern at affected organs or tissues.3 Owing 
to the blood flow and conductive transfer of heat from 
body depth to body surface regions, infrared images are 
believed capable of reflecting thermal processes deep 
in the body.3 Infrared thermal imaging devices convert 
the infrared energy radiated by the human body into 
electrical impulses, which are then digitally indicated 
on a spatial temperature map.
Infrared thermal imaging has been used in a range 
of clinical applications in rheumatology including: the 
differentiation  of  primary  and  secondary  Raynaud’s 
phenomenon;4 the monitoring of skin temperature ele-
vations in scleroderma;5 the assessment of autonomic 
functioning in reflex sympathetic dystrophy;6 the evalu-
ation of rheumatoid arthritis (RA),7 juvenile idiopathic 
arthritis,8  hand,9  and  knee  OA;10  and  the  objective 
assessment of the effects of anti-inflammatory arthritis 
therapies in human11–18 and animal19 clinical trials. Our 
goals were to standardize a method of knee infrared 
imaging, to test its reproducibility, and to explore which 
distinct knee region provides the highest correlation of 
local temperature with x-ray severity of knee OA.
Methods
Participants
Participants in this trial were enrolled in accordance 
with the policies of the Duke University   Institutional 
Review  Board  and  represented  all  participants 
enrolled at a single site (Duke University) of a multi-
center  observational  study  of  women  to  evaluate 
the utility of magnetic resonance imaging for knee 
OA.20,21 Informed consent was obtained from each 
subject. An equal number of female Controls (n = 15) 
and female knee OA Cases (n = 15) were enrolled. 
Cases  and  Controls  were  age-matched  (to  within 
5 years), and all were 40 years or older. The entry cri-
terion for OA participants were chosen with the goal 
of selecting a group with increased risk for knee OA 
progression and included definite x-ray evidence of 
knee OA of Kellgren-Lawrence (KL)22 grade 2 or 3, 
frequent knee pain symptoms in the past year, body 
mass index (BMI) $ 30 kg/m2, medial joint space 
widths $2 mm in the signal knee, and medial compart-
ment greater than lateral compartment disease in the 
signal knee. The signal knee of OA participants was 
chosen on the basis of x-ray criteria and   symptoms. 
Controls were required to have normal (KL0) knees 
bilaterally at baseline, no knee pain symptoms, and 
BMIs , 28 kg/m.2 The right knee of Controls was 
automatically designated the signal knee. Medication 
use, including non-steroidal anti-inflammatory drugs 
(NSAIDs),  was  recorded  at  the  time  of  infrared 
  imaging. Participants were excluded for a history of 
signal knee surgery and intra-articular or oral steroid 
use in the preceding 6 months.
radiographic imaging
Posteroanterior  fixed  flexion  knee  x-rays  were 
obtained at baseline with a SynaFlexer™ Plexiglas 
positioning frame (Synarc, Inc., San Francisco, CA) 
with optimization of the horizontal alignment of the 
tibial plateau through the use of fluoroscopy for deter-
mining x-ray beam angle as previously described.23 
X-rays were read for KL grade blinded to the cutane-
ous temperature and clinical data by a single reader 
(VBK)  with  high  reliability  (Intraclass  Correlation 
Coefficient for KL grade scoring 0.69).
Infrared thermal imaging
general considerations
In  order  to  achieve  the  reproducibility  desired  for 
this  clinical  research,  we  aimed  to  minimize  vari-
ability through standardization of a number of factors 
including: joint positioning; environmental tempera-
ture; distance of the limb from the infrared thermal 
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acquisition of cutaneous temperature data.
Camera
A thermoelectrically cooled instrument with a stable 
internal reference point, the Meditherm Med2000™ 
Pro  (Meditherm,  Medical  Monitoring  Systems  Pty 
Ltd., Beaufort, NC, USA) camera, was used in this 
knee study. The sensor of this camera is specifically 
designed to measure temperatures of the human body 
(10 °C to 40 °C). This instrument recorded a mini-
mum of 64,000 measurements per image to an accu-
racy of 0.01 °C. The camera completed a single scan 
in 8 seconds. Each pixel of the image generated by 
the infrared camera was an individually referenced 
measurement avoiding the need for an external cali-
bration target.
Positioning
Infrared images were obtained at the 6 month time 
point of the main study protocol for OA participants 
and at the 6 and 12 month time points for Controls. 
Participants were asked to sit with their signal knee 
exposed for ten minutes in a temperature controlled 
room set at 23.1 °C. Fluorescent lighting was used, as 
well as a black velvet wall-covering behind the par-
ticipant to eliminate external infrared energy (ema-
nating from such sources as outlets, electrical wires, 
and  pipes).  The  positioning  of  the  participant  for 
infrared  imaging  recapitulated  the  foot  positioning 
for the x-ray (15° external foot rotation). The mag-
nification of the image was fixed by maintaining a 
constant distance of 76.2 cm between the knee and 
Meditherm Med2000™ Pro camera. The camera was 
placed on a mobile base and centered over a floor dia-
gram with standardized right and left foot positions 
designated in colored tape. The height of the camera 
was adjusted for the individual, centering the camera 
at the patella.
Infrared imaging procedure
Infrared imaging was conducted in a room free of 
draughts, shielded from direct sunlight, and main-
tained at a constant temperature of 23.1 °C. Partic-
ipants were asked to stand on the designated floor 
map and the camera was adjusted to their patellar 
height. Infrared thermal images of the signal knees 
were acquired in four configurations   (anteroposterior, 
posteroanterior, lateromedial, and mediolateral). The 
anteroposterior image was used for these   analyses. 
Then,  maintaining  the  same  knee  position,  an 
  anatomical marker (a 2 cm diameter silver sticker) 
was placed on the center of the patella to facilitate its 
  precise subsequent localization in infrared images. 
A  second  anteroposterior  view  of  the  knee  was 
acquired as a reference image.
Image analysis
The two anteroposterior images (one with and one 
without  the  patellar  marker)  were  aligned  side  by 
side on the computer screen, and an acetate template 
indicating  the  ROIs  was  centered  over  the  patella 
of the unmarked image, using the marked image as 
a guide (Fig. 1). Mean temperatures were extracted 
using WinTes thermal evaluation software (Compix, 
Lake Oswego, OR, USA) for the overall knee and the 
5 regions of interest: medial, lateral, patellar, lower 
medial, and lower lateral regions.
Statistical analyses
Intraclass correlation coefficients (ICCs)24 were used 
to assess the reproducibility of cutaneous tempera-
ture  measurements  from  infrared  images  acquired 
6 months apart in Controls (whose knee status was 
not expected to change). The association of tempera-
ture of the 5 regions of interest with radiographic OA 
(rOA) severity (global KL grade) were tested using 
Pearson correlation coefficients. Results were consid-
ered statistically significant at P # 0.05.
Results
Participants
The characteristics of the participants (Controls and 
Cases) are shown in Table 1. Of note, the overall knee 
mean temperature was similar for Cases and Controls 
(30.6 °C) with a larger standard deviation for Cases. 
The mean (SD) temperatures for different regions of 
the OA knees are provided in Table 2. It is notable but 
not surprising that they are well below the standard 
body core temperatures of 37 °C.
reproducibility of knee infrared  
thermal imaging
At the start of the knee study, three sequential infra-
red thermal images of the knee for one participant 
were taken over the course of a few minutes. It was 
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knee  stabilized  after  three  minutes  of  exposure  to 
ambient temperature. Therefore, the use of a 10-min-
ute equilibration period with the knee exposed was 
considered sufficient and this approach was followed 
for all subsequent imaging sessions. The reliability of 
infrared thermal imaging was assessed for the Con-
trols whose knee status was not expected to change 
over the course of 6 months. The reliability was good 
with highest reliability observed for cutaneous tem-
perature measurements of the lower medial and lower 
lateral regions of interest (Table 2).
Association of knee cutaneous 
temperatures with x-ray severity
Cutaneous  temperature  of  one  ROI,  the  patellar 
region of interest, was significantly associated with 
x-ray severity of knee OA (P = 0.02, Table 2, Fig. 2). 
The mean (SD) patellar ROI cutaneous temperature 
was 30.1 (1.05) for KL2 cases, and 30.5 (1.14) for 
KL3 cases. The knee OA cohort was chosen on the 
basis of medial compartment knee OA and there were 
borderline associations of medial knee temperatures 
(lower medial and combination of lower and upper 
medial knee temperatures) with knee rOA severity 
(P = 0.06). Although a total of 53% of OA partici-
pants used NSAIDs regularly (similar numbers in 
each OA subgroup), the mean temperatures for each 
ROI did not vary significantly by NSAID use.
Discussion
This study confirmed an association of joint cutane-
ous temperature at the patellar ROI with x-ray sever-
ity of OA. In work almost 40 years old related to 
rheumatoid arthritis, the cutaneous temperature of the 
patellar region was reported to reflect intra-articular 
temperature (recorded by a thermistor probe), and to 
accurately localize areas of inflamed synovial tissue 
verified at the time of surgical synovectomy (summa-
rized by Collins),17 and to correlate with scintigraphic 
measures of blood flow in the synovium.25 Moreover, 
the patellar region was identified in a previous study 
as the region best reflecting changes of internal knee 
joint temperature after steroid injection in rheumatoid 
arthritis.12
Our  previous  infrared  thermal  imaging  study 
involved  hand  OA9  and  demonstrated  that  joint 
surface  temperature  correlated  in  a  phasic  man-
L
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Figure 1. Infrared image analysis. To identify regions of interest on the infrared thermal images, it was necessary to localize the patella. For this purpose, 
two knee images were acquired, one without and subsequently one with a 2 cm anatomic marker (silver sticker) applied to the center of the patella (shown 
on left). This marker blocked temperature radiation and was readily recognized on the thermal images as a black circle (shown on right). This image facili-
tated alignment of an acetate diagram centered on the patella in order to quantify mean temperatures for specific regions of interest: P-patellar; M-medial; 
L-lateral; LM-lower medial; LL-lower lateral; and the overall knee.
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temperatures characterized the earliest x-ray stages 
of OA, while the most severe x-ray stage of disease 
(KL4), was associated with sub-normal joint temper-
atures.9 In this knee study we only observed positive 
associations of temperature and rOA severity. The 
difference in the two studies may in part be due to 
the exclusion of end-stage OA for the knee study, and 
might also relate to as yet unknown differences due 
to joint site.
This study was limited in power due to the small 
sample size and should therefore be considered an 
exploratory study in need of replication. The study 
protocol  allowed  ongoing  use  of  regular  medica-
tions including NSAIDs without a washout period 
that may have limited the power to detect stronger 
associations  of  temperature  and  knee  rOA  sever-
ity or associations of temperature with rOA sever-
ity at additional knee regions of interest. Of note, 
the ROI in which a significant association was seen 
between  temperature  and  rOA  severity  (patellar) 
was the ROI, which displayed the lowest reliability 
(ICC = 0.50). Although the small sample size limited 
study power, it was nevertheless interesting in this 
sample of knee OA individuals selected for medial 
compartment  predominant  disease,  that  there  was 
an indication of an association between temperature 
of the medial compartment and OA severity but the 
small sample size likely accounted for the inability 
to reject the null hypothesis at the P = 0.05 level. 
This finding would be worthy of follow-up study in 
a larger cohort. In summary, this method of infrared 
knee imaging is reliable and as an objective measure 
of a sign of inflammation, temperature, indicates an 
interrelationship of inflammation and structural knee 
rOA damage as measured by the Kellgren-Lawrence 
scale.
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Table 1. Characteristics of the study participants.
non-knee  
OA controls
Knee  
OA cases
Number  
(gender)
15 (female) 15 (female)
Age 
mean years ±  
SD (range)
61.9 ± 8.8 
(48.0–75.6)
61.9 ± 9.2 
(45.8–76.0)
Body mass index 
mean kg/m2 ±  
SD (range)
23.7 ± 2.1 
(21.3–27.7)
35.0 ± 4.0* 
(30.0–42.3)
global knee  
cutaneous temperature 
mean ±  
SD (range)
30.6 ± 0.76 
(29.5–32.2)
30.6 ± 0.86 
(29.1–32.3)
Kellgren-Lawrence (KL) 
grade (number)
KL 0 (15) KL 2 (8) 
KL 3 (7)
NSAID Use§ 1 occasional  
4 frequent 
2 occasional   
8 frequent 
Notes: *P , 0.0001 between OA and control participants; §NSAID use 
was similar in the 2 OA subgroups: for both KL2 and KL3 there was 
1 occasional user and 4 frequent users per group.
Abbreviation: SD, standard deviation.
Table 2. reliability of infrared imaging and associations of temperature with radiographic OA severity.
Region of interest Reliability of infrared imaging  
in controls by ICC
Temperature in cases  
mean (sD)
Association of 
temperature with knee 
OA radiographic 
severity by KL grade R   
(P value)
Lower medial 0.70 30.4 (1.00) 0.494 (0.06)
Lower lateral 0.72 31.1 (0.76) 0.419 (0.12)
Patellar 0.50 30.3 (1.07) 0.594 (0.02)
Medial knee 
(upper and lower)
0.66 30.3 (0.90) 0.498 (0.06)
Lateral knee 
(upper and lower)
0.61 30.9 (0.80) 0.314 (0.25)
Abbreviations: ICC, Intraclass Correlation Coefficient; R, Pearson correlation coefficient; KL, Kellgren-Lawrence grade of radiographic osteoarthritis 
severity.
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Figure 2. Patellar temperature and radiographic OA. Whisker and box 
plots depict the mean, 25th and 75th percentiles, minimum and maximum 
temperatures  in  the  two  osteoarthritis  subgroups,  Kellgren-  Lawrence 
(KL2 and KL3) for the patellar region of interest.
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